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In free-spawning marine invertebrates, the amount of

maternal energv that is invested in each egg has profound

implications for all life-history stages of the offspring. The

eggs ofechinoids are freely spawned into the water and are

surrounded by several structurally complex extracellular

layers. These extracellular layers, or jelly coats, do not

contribute energy to embryonic development but must im-

pose an energy cost on the production of each egg. The

investment of maternal energy reserves in the jelly coats of

echinoid eggs may have important implications for the

number of eggs that can be produced (i.e.. fecundity) and

the amount of energy that can be invested in each egg. We
estimated the degree to which maternal energy is invested in

the jelly coats surrounding eggs of the echinoid Arbacia

punctulata. Estimates were derived from measurements of
the amount of energy contained in the combined eggs and

jelly coats, and in the eggs alone. The amount of energy

contained in A. punctulata eggs ranged from 2.70 to 5.53 X

10~
4

J egg~
l

. The amount of energy contained in the jelly

coats ranged from 0.13 to 0.48 X 10~
4

J jelly coat
~

'. The

mean concentration of energy in the eggs was 2.15 mm ''

and 0.29 J mm~~ in the jelly coats. These results indicate

that bet\veen 3%and 11% (mean = 7%) of the total energy
invested in each A. punctulata egg is partitioned to the jelly

coat alone. A significant positive relationship was found
between the volumes of the jelly coats and the amount of

energy they contained. Based on this relationship and an

analysis of differences in the size of jelly coats between

echinoid species, we suggest that the degree to which en-

ergy is invested in jelly coats may vary among echinoid

species and is therefore likely to be an important life-history

characteristic of these organisms.
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In free-spawning marine invertebrates, the egg contains

all the maternal energy provisioned for the development of

each offspring. The amount of maternal energy invested in

individual eggs is central to many theories on the evolution

of life-history patterns in marine invertebrates and is widely

considered to have profound implications for all stages of

marine invertebrate life cycles (1-5). The eggs ofechinoids

are freely spawned into the water column where fertilization

and development take place. Several extracellular layers

surround the eggs of echinoids. These extracellular layers

(commonly, and from here on, referred to as "jelly coats")

are structurally complex, consisting of several concentric

layers of polysaccharide fiber networks embedded in a

glycoprotein matrix (6, 7). The jelly coats surrounding the

eggs of echinoids are thought to play important roles in

fertilization processes (8-10) and may also protect eggs

from physical forces that they are exposed to during and

after spawning (11, 12). The jelly coats of some echinoid

species disintegrate soon after contact with seawater ( 13) or

following fertilization, and do not contribute energy to

embryonic development.

Although the jelly coats surrounding the eggs of echi-

noids do not contribute energy to embryonic development,

they must impose an energy cost on the production of each

egg. Assuming that the amount of maternal energy available

for reproduction is finite, the investment of energy in jelly

coats may have important life-history implications. These

potential implications include a reduction in the number of

eggs that can be produced (i.e., fecundity), a reduction in the

amount of energy that can be invested in each egg, or both.

Although previous studies have shown that there is substan-

tial extra-embryonic investment in the gelatinous matrices

of egg masses that are deposited on the benthos by some

marine invertebrates (14, 15), the energy invested in jelly
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coats surrounding the eggs of a free-spawning species has

not been considered specifically.

We estimated the amount of maternal energy that is

invested in the jelly coats surrounding eggs of the echinoid

Arbacia punctulata. These estimates were derived from wet

oxidation (16. 17) measurements of the amount of energy

contained in the combined eggs and jelly coats, and in the

eggs alone. The wet oxidation method yields an estimate of

the amount of organic carbon contained in a sample, which

can be directly interpreted as a measure of the amount of

energy that it contains. This method has been used in

previous studies of maternal energy investment in marine

invertebrate eggs ( 18-21 ), so our data can be directly com-

pared with earlier results.

The amount of energy contained in the combined egg and

jelly coat (mean SD = 3.97 0.79 X 1(T
4

J egg~' ) was

significantly higher (paired sample t test: /
= 8.33, df = 9,

P < 0.0001 ) than the amount of energy contained in the

egg alone (mean SD = 3.69 0.57 X 10
~ 4

J egg"';

Table 1 ). The average ( SD) amount of energy contained in

the jelly coat was 0.28 0.10 X 10~
4

J jelly coat"
1

, and

constituted 7.4% of the total amount of energy contained in

the combined egg and jelly coat (Table 1 ).

The concentrations of energy (mean joules per cubic

millimeter) in the eggs and jelly coats were calculated from

the amount of energy each contained (Table 1 ) and their

respective volumes (Table 2). The concentration of energy

in eggs was 2.15 J mm'- 1

(i.e., 3.69 X 10~
4 X 5847 = 2.15

J mm"3
, where the combined volumes of 5847 eggs are

equivalent to 1 mm3
). The concentration of energy in the

jelly coats was 0.29 J mm"-' (i.e.. 0.28 X 10~
4 X 10,416 =

0.29 J mm"3
, where the combined volumes of 10.416 jelly

coats are equivalent to 1 mm3
). The concentration of energy

in the egg was 7.4 times greater than the concentration of

energy in the jelly coats (i.e., concentration of energy in the

eggs [2.15 J mm3
] divided by the concentration of energy

in the jelly coat [0.29 J mm"3
]

= 7.4).

Before exposure to seawater, the volume (mean SD) of

the combined egg and jelly coat was 2.67 0.30 X 10~
4

mm3
,

and the volume of the egg alone was 1.71 0.19 X

1()~
4 mm3

(Table 2). The volume of the jelly coat alone was

0.96 0.48 X 1()
4 mm3

(Table 2); thus, the jelly coat

constituted 36% of the volume of the combined egg and

jelly coat prior to exposure to seawater (i.e., 0.96/2.67 X

100 = 35.9%). After exposure to seawater, the volume of

the jelly coats increased substantially to 9.27 2.42

10~
4 mm3

(Table 2) and constituted 84%- of the combined

volume of the egg and jelly coat.

Linear regression analyses on data contained in Tables 1

and 2 showed no significant relationship between the vol-

umes of the jelly coats and the volumes of the eggs. Simi-

larly, no significant relationship was found between the

amount of energy contained in the jelly coats and the

amount of energy contained in the eggs. A significant pos-

Table 1

The iiiinnini of energy contained (mean SD x IQ~
4

J, n = 10) in the

combine J egg and jelly coat, and in the egg and jelly coat alone for

each female Arbacia punctulata; the proportion of total energy in the

combined egg and jelly coal that is partitioned to jelly coat is also given

Combined egg

Female and jelly coat

Energy partitioned

Jelly coat to jelly coat (<)

1
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Table 2

Volumes (mean SD X 10
" J

mm', n = 10) i>f llic cimihiitcd CKK <'</ /<'//v null, ami of the cfiK ami jelly cutil alone hct/>rc

and after contact with seawater, fur Arbacia punctulata

Before contact with seawater After contact with seawater

Female
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Table 3

ize indices of the jelly coats surrounding the eggs of six echinoid species
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